In a neuron's dendritic spine, the location of CaMKII is controlled by a number of interacting factors, including its ability to bind calcium/calmodulin, its phosphorylation state and the synthesis of new subunits in the dendrites. New studies have shown that the exact location of CaMKII is crucial for the form and endurance of synaptic plasticity.
increases CaMKII's affinity for the post-synaptic density [3] . The explanation for this behaviour is probably that phosphorylation at the inhibitory 305 site prevents binding of calcium/calmodulin to CaMKII and, as such binding is necessary for translocation of CaMKII to the post-synaptic density, the lack of it leads to CaMKII being marooned in the cytoplasm (Figure 1) .
Loss of CaMKII function -whether by direct inhibition of the enzyme or inactivation of the geneis known to prevent plasticity in the hippocampus and cortex [7, 8] . CaMKII is ubiquitously distributed in the cytoplasm and the post-synaptic density, however, so it could potentially influence plasticity at a number of different sites. The T305D mutant form of CaMKII is characteristically present at low levels in the post-synaptic density, making it is possible to test whether CaMKII has to be present in the post-synaptic density for plasticity. Elgersma et al. Not only is the localization of CaMKII carefully regulated in the dendritic spine, but so too is the supply of available CaMKII to the dendritic spine. Most proteins are synthesized in the soma and transported to their final location within the cell, but like several other neuronal proteins, CaMKII is translated in the dendrites by polyribosomes proximal to dendritic spines [11, 12] . Synthesis of CaMKII is calcium-dependent and can be induced by sensory activity capable of inducing plasticity [13, 14] . The functional significance of this mechanism has been studied by Miller et al. [5] . By altering the sequence of the 3′ untranslated region that addresses CaMKII mRNA for delivery to the dendrites, this group was able to produce an animal that contained CaMKII at normal levels in the soma but at greatly reduced levels in the dendrites. The CaMKII in the post-synaptic density was reduced to 17% of control levels in this mutant, indicating that most, but not all, CaMKII in the post-synaptic density is normally generated in the dendrites [5] .
Curiously, the early phase of LTP was unaffected by the low level of CaMKII in the post-synaptic density. But LTP was impaired from 2 hours after the tetanus onward. Similarly, short-term memory over a period of 30 minutes was unaffected in the mutants, but longerterm memory was impaired. One interpretation of this result is that a supply of newly synthesized CaMKII subunits is required for maintenance of the later stages of LTP and memory. Why this might be the case is not clear at present.
The mutations discussed here lead to a static or end-state distribution of CaMKII and do not necessarily tell us about the dynamic behaviour of wild-type CaMKII under various phosphorylation conditions. But some insight can be gained by comparison with cell culture studies, where dynamics can be studied using GFP-tagged CaMKII [3] . One possible sequence of events is as follows: synaptic stimulation capable of producing late phase LTP increases the enzymatic activity of CaMKII located in the post-synaptic density, because the kinase becomes phosphorylated at threonine 286, increasing its affinity for calcium/ calmodulin and thereby lengthening its dwell-time in the post-synaptic density (Figure 1) . Very high levels of CaMKII kinase activity then lead to phosphorylation at the threonine 305 site and consequent expulsion of CaMKII from the post-synaptic density. According to this argument, maintaining the level of active CaMKII then requires replenishment of the post-synaptic density from the pool of newly synthesized CaMKII. Without the replenishment, late phase LTP does not develop fully [5] .
One aspect of the above theory which is not clear, is how the newly synthesized CaMKII gets into the post-synaptic density without further calcium influx and hence calcium/calmodulin binding (Figure 1) . It is conceivable that a sufficient quantity of newly synthesized CaMKII is able to drive the kinase molecules into the post-synaptic density by diffusion, or alternatively the NMDA channel may be sensitized to admit higher levels of calcium during normal synaptic transmission for some time after the initial plasticity inducing event. Another aspect that is not clear is why newly synthesized CaMKII would be required rather than recycled CaMKII. Clearly, many questions remain to be answered, but by linking the location of CaMKII to its function, the studies discussed above give an important rationale for further investigation in this field.
